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Between 1957 and 1980 reoperation for coarctation of the aorta was 
performed in 21 patients at one institution for an overall incidence rate 
of 7.9 percent. The incidence rate of reoperation was 38 percent for pa- 
tients younger than age 3 years and 1.5 percent for patients 3 years or 
older at initial repair. Before reoperation 14 of the 21 patients were 
symptomatic, 19 had systolic hypertension of the upper limbs and 20 had 
a documented coarctation pressure gradient at rest (mean 42.4 mm Hg). 
Surgical techniques used at reoperation were patch aortoplasty in 12 
patients, graft interposition in 4, end to end anastomosfs in 3 and end to 
side left subclavian to descending aorta bypass graft in 2. There was one 
surgical death. The 20 survivors have been followed up a mean of 4.3 
years. There has been significant symptomatic improvement (p <O.OOl). 
Upper limb hypertension has also lessened significantly (p <O.OO 1) after 
reoperation; 15 patients are no longer hypertensive and 3 have a lesser 
degree of hypertension. The coarctation pressure gradient at rest has 
significantly decreased (p <O.OOl); 13 patients have no residual gradient 
and 7 have a mild gradient of 20 mm Hg or less. Graded treadmill exercise 
testing performed in five patients after reoperation documented upper limb 
hypertension in four and a marked increase in coarctation gradient with 
exercise in three. 
In conclusion, the incidence of reoperation is significantly increased 
in patients who are younger than age 3 years at initial coarctation repair. 
Reoperation is a safe and effective procedure. It has a low mortality rate 
(4.8 percent), relieves symptoms and decreases hypertension and the 
coarctation pressure gradient. Patch aortoplasty appears to be the op- 
erative procedure of choice. Moderate to severe hemodynamic abnor- 
malities may persist during exercise after reoperation for coarctation of 
the aorta. 
The long-term prognosis after repair of coarctation of the aorta is not 
entirely benign. Associated structural cardiovascular lesions such as 
mitral or aortic valve disease, ventricular septal defect and cerebrovas- 
cular malformations are responsible for considerable postoperative 
morbidity and mortality. 1-e There may also be persistent postoperative 
hypertension that is often related to residual or recurrent narrowing at 
the site of coarctation repair. 7-13 Many patients will require a second 
operation to relieve this stenosis. i3-16 Nevertheless, there are few re- 
ported data concerning the indications, risks involved and long-term 
results to be expected after reoperation for coarctation. In this retro- 
spective study we attempt to address these questions by reviewing our 
experience with 21 patients who underwent reoperation for coarctation 
of the aorta. 
Methods 
Study patients: The hospital records of all patients operated on for coarc- 
tation of the aorta at this institution between 1957 and 1980 were reviewed. 
Twenty-one patients were identified who underwent reoperation for coarctation. 
Hospital records, operative reports, catheterization data and angiograms were 
thoroughly reviewed, specific attention being paid to associated cardiovascular 
lesions, the nature of the initial surgical procedure, the indications for and nature 
of reoperation when necessary, operative morbidity and mortality, postoperative 
upper limb blood pressure, pressure gradient across the coarctation and clinical 
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status. When available, pressure gradients determined at 
cardiac catheterization were used in preference to auscultatory 
measurements. For simplicity, a coarctation pressure gradient 
was considered to be 0 mm Hg when the systolic pressure 
distal to the coarctation equaled or exceeded that proximal 
to the coarctation. 
Statistical significance was assessed with the t test for 
paired observations and with the chi-square test. Values are 
expressed as mean f standard error of the mean. 
Results 
Primary Repair 
Of the 21 patients who required reoperation 17 had 
undergone initial repair at this institution between 1957 
and 1973, and 4 were initially operated on elsewhere. 
Details of the initial operative procedure are outlined 
in Table I. The age at initial repair ranged from 3 weeks 
to 24 years (mean 3.8 f 1.3). Fifteen patients (71 per- 
cent) were 2 years old or younger and 10 (48 percent) 
were less than 1 year old at initial repair. All patients 
had a discrete coarctation of the thoracic aorta. A va- 
riety of associated cardiovascular lesions were present, 
including patent ductus arteriosus (eight patients), 
mitral valve disease (six patients), tubular hypoplasia 
of the aortic arch (five patients) and ventricular septal 
defect (three patients). 
Initial operative procedure: Primary excision with 
end to end anastomosis was the initial operative pro- 
cedure in 20 patients. Interrupted sutures were utilized 
around the anterior half to two thirds of the anastomosis 
in all 18 patients in whose chart suture technique was 
recorded. Bleeding from the anastomosis necessitated 
oversewing of the suture line in two patients (Cases 9 
and 14). A 24 year old man (Case 21), operated on else- 
where, had an end to side left subclavian to descending 
aorta bypass graft as his initial surgical procedure. 
Time of recurrence of coarctation: Data con- 
cerning age at onset of the residual or recurrent coarc- 
tation pressure gradient were not available for the four 
patients whose initial repair occurred at another hos- 
pital. Of the 17 patients whose coarctation was repaired 
at this institution 15 had simultaneous upper and lower 
limb pressures recorded during the immediate post- 
operative period (Table I). Residual pressure gradients 
were detected consistently in six patients, all but one 
being 20 mm Hg or greater. In the remaining 11 patients 
pressure gradients at rest were first detected 0.2 to 6.2 
(mean 2.8 f 0.6) years after initial repair of coarctation. 
All patients were seen in the follow-up period, and 
upper and lower limb blood pressures were measured 
every 6 to 12 months. Once detected, the pressure gra- 
dient at rest increased gradually over time in the ma- 
jority of patients (Fig. 1, A and C). Three patients (Cases 
5,8 and 12) had a rapid onset of the maximal coarctation 
gradient. These gradients developed over several 
months and changed minimally during the subsequent 
follow-up period (Fig. 1B). 
Reoperation 
Incidence: From 1957 to 1973, the years during 
which the patients requiring reoperation underwent 
initial repair of coarctation, a total of 239 patients sur- 
vived the initial operation at this institution (Table II). 
Nineteen (7.9 percent) of these required reoperation. 
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Immediate Time From Repair 
Postoperative to First Detected 
Gradient (mm Hg) Gradient (yr) 
: 
0.1 VSD, PDA + End to end 20 






















VSD, MR. PDA 















End to end 
End to end 
End to end 
End to end 
End to end 
End to end 
End to end 
End to end 
End to end 
End to end 
End to end 
End to end 
End to end 
End to end 
End to end 
End to end 
End to end 























AS = aortic stenosis; AV = aortic valve: LSC-DSAo = left subclavian to descending aorta; MR = mitral regurgitation: MS = mitral stenosis: 
NA = data not available; PDA = patent ductus arteriosus; VSD = ventricular septal defect. 
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FIGURE 1. Time course of development of 
coarctation in three patients. A, Case 18. 
Residual gradient that gradually increased 
0 
with time. B, Case 8. Rapid onset of max- 
1 2 3 4 5 6 7 8 6 16 imal gradient. C, Case 6. Recurrent gradi- 
TIME FROM INITIAL REPAIR hAR6l ent that gradually increased with time. 
This group includes the 17 patients previously described 
plus 1 patient with initial repair at this hospital who 
underwent reoperation at another institution and 1 
patient scheduled for reoperation in the near future. Of 
the 42 children who were less than age 3 years at initial 
repair, 16 (38 percent) required reoperation. When the 
0 to 12 month and 1 to 2 year age groups are evaluated 
separately, the incidence of reoperation is nearly iden- 
tical (38 and 40 percent, respectively). Only 3 of 197 
patients who were 3 years or older at initial repair re- 
quired reoperation, a significantly smaller incidence 
than that observed in the younger groups (chi-square 
= 58, p <O.OOl). 
Clinical features at time of reoperation (Table 
III): The mean age at reoperation was 11.2 f 1.4 years; 
the youngest patient was 23 months and the oldest 30 
years. The interval from initial repair to reoperation 
averaged 7.4 f 1.0 years (range 21 months to 17.5 years). 
Symptoms occurred in 14 of the 21 patients. Lower limb 
claudication was the most common symptom, occurring 
in nine patients. Three complained of frequent severe 
headaches and the two oldest patients, each with severe 
hypertension, experienced dyspnea on exertion. Upper 
limb (right arm) systolic hypertension, defined as 
greater than the 95th percentile for age and sex,17 was 
TABLE II 
Incidence of Reoperation for Coarctation of the Aorta 
Survivors 
of Patients 
Age at Initial Initial Repair Requiring Follow-Up 
CoA Repair (1957-1973) (n) Reoperation (n) (yr) 
g-3 yr 42 16 (38%) 10.8 
O-l 1 mo 32 12 (38%) 9.5 
12-35 mo 10 4 (40%) 12.0 
23 yr 197 3 (1.5%) 6.5 
Total 239 19 (7.9%) 7.2 
CoA = coarctation of aorta. 
present in 19 patients and diastolic hypertension was 
also present in 12. 
A systolic pressure gradient at rest across the site of 
coarctation repair was documented in 20 of the 21 
patients. This information was unavailable for one 
patient whose lower limb pressure could not be mea- 
sured. In 13 patients the pressure gradient was mea- 
sured using direct pullback from the ascending to the 
descending aorta during cardiac catheterization; in the 
remaining 7 patients the gradient was documented on 
two or more occasions by simultaneous auscultation of 
right arm and leg pressures. The systolic pressure gra- 
dient at rest averaged 42.4 f 2.1 mm Hg (range 25 to 60). 
There was no correlation between the coarctation gra- 
dient and patient age, upper limb hypertension or 
clinical status. All patients had greatly diminished or 
absent lower limb pulses. 
Aortography was performed in 17 patients before 
reoperation. A discrete narrowing at the site of previous 
repair of coarctation was evident in each case (Fig. 2). 
At its narrowest point the aortic internal diameter av- 
eraged 42 f 2 percent (range 23 to 59 ) of its diameter 
at the level of the diaphragm. Aortic cross-sectional area 
was reduced to 18 f 2 percent (range 5 to 34) of its area 
at the diaphragm. No correlation was found between the 
reduction in aortic internal diameter or cross-sectional 
area and the coarctation gradient at rest, upper limb 
hypertension or clinical status. The aortic diameter at 
the isthmus was equal to its diameter at the diaphragm 
in all five patients who had tubular arch hypoplasia in 
infancy. 
Surgical techniques and complications: The four 
surgical techniques used at reoperation were patch 
aortoplasty in 12 patients, graft interposition in 4, end 
to end anastomosis in 3 and end to side left subclavian 
to descending aorta bypass graft in 2. Nine of the pa- 
tients required left heart bypass. In the majority of 
patients dense adhesions were observed in the area of 
the coarctation. Operative morbidity was minimal with 
patch aortoplasty, a chylothorax that required 11 days 
of chest tube drainage developing in one patient. Sig- 
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TABLE III 
Pertinent Clinical Data Immediately Before and After Reoperatlon for Coarctation in 21 Patients 
Follow-Up 
Age 
Case (yr) Symptoms 
Right Arm Coarctation Immediate Right Arm Coarctation 
Pressure Gradient Postoperative Pressure Gradient 
at Rest at Rest Surgical Gradient Length at Rest at Rest 
(mm Hg) (mm Hg) Procedure (mm Hg) (yr) (mm Hg) (mm Hg) Symptoms 
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None Surgical 12 4.5 
grait death 
20 16.5 - 146184 36’ Patch 0 5 135190 0 Late 
death 
21 30 Dyspnea, chest 2OOi130 NA Interposition 0 2.5 130195 0 Hoarse 
pain graft 
l Gradient measured at cardiac catheterization. 
Abbreviations as in Table 1. 
nificant intraoperative complications occurred in two 
of the four patients undergoing graft interposition. The 
only surgical death occurred in a patient (Case 19) who 
experienced an aortic rupture, had a severe coagulo- 
pathy and died in the operating room. The oldest pa- 
FIGURE 2. Patient 8. Aortogram of patient with recurrent coarctation 
before reoperation. A discrete narrowing is evident distal to the left 
subclavian artery. 
tient (Case 21) had a friable calcified aorta that required 
graft insertion. During the procedure a pulmonary ar- 
terial tear occurred, requiring 12 liters of blood re- 
placement before the hemorrhage was controlled. This 
patient has postoperative recurrent laryngeal nerve 
damage. The three patients who had coarctation exci- 
sion and end to end anastomosis and the two who had 
a left subclavian arterial to descending aorta bypass 
graft had no intraoperative complications. 
Simultaneous upper and lower limb pressures were 
recorded during the immediate postoperative period 
in all 20 survivors of reoperation. Fifteen patients had 
no residual pressure gradient. Five patients had a gra- 
dient averaging 22 f 4 mm Hg, recorded across the site 
of coarctation repair. Four of the five had undergone 
patch aortoplasty and one a graft interposition. 
Follow-Up Study 
The 20 survivors of reoperation have been followed 
up a mean of 4.3 f 0.7 years (Table III). There has been 
significant symptomatic improvement (chi-square = 
9.3, p <O.OOl). Seventeen patients are entirely asymp- 
tomatic and no patient has symptoms referable to 
coarctation. One patient is hoarse because of recurrent 
laryngeal nerve damage. There have been two late 
deaths (Cases 17 and 20) related to severe aortic and 
mitral valve disease; however, neither patient had a 
residual coarctation pressure gradient after reopera- 
tion. 
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PRE-REW POST- RE0P 
FIGURE 3. Upper limb systolic pressure at rest before and after reop- 
eration (REOP) for coarctation (p <O.OOl). 
Hypertension (Fig. 3): There has been a significant 
reduction in upper limb hypertension after reoperation 
(p <O.OOl). Mean systolic pressure for the group de- 
creased from 151 f 6 to 126 f 5 mm Hg. Only two pa- 
tients have elevated diastolic pressure after reoperation. 
Fifteen patients are no longer hypertensive and three 
have a lesser degree of hypertension. Two patients, each 
with a residual coarctation gradient, have had no less- 
ening of their hypertension. Only one patient is taking 
antihypertensive medication. It should be noted that 
two of three survivors of graft interposition have re- 
mained hypertensive. 
Coarctation pressure gradient: Figure 4 illustrates 
the significant effect of reoperation on the coarctation 
pressure gradient at rest (p <O.OOl). In every instance 
this gradient has decreased. Thirteen patients have no 
gradient at rest after reoperation, and seven have a 
pressure gradient of 20 mm Hg or less. In five patients 
the residual gradient was first detected in the immediate 
postoperative period and in none has it progressed. In 
two patients (Cases 7 and 9) a mild pressure gradient 
appeared 3.5 and 6.5 years, respectively, after reoper- 
ation. 
Effect of exercise: Five patients underwent graded 
treadmill exercise testing after reoperation (Table IV). 
Significant upper limb hypertension (greater than 200 
mm Hg) developed in four patients. Patient 6, whose 
reoperation consisted of a left subclavian to descending 
aorta bypass graft, had striking hypertension and a 
coarctation gradient of 134 mm Hg with exercise. Pa- 
tients 2 and 4, both of whom had undergone patch 
aortoplasty, demonstrated only modest increases in 
coarctation pressure gradient with exercise (32 and 15 
mm Hg, respectively). 










FIGURE 4. Coarctation pressure gradient at rest before and after re- 
operation (REOP) for coarctation (p <O.OOl). 
Discussion 
The long-term results after coarctation repair in in- 
fancy are often unsatisfactory. Residual or recurrent 
coarctation has frequently been observed,4-13 the re- 
ported incidence rate ranging from 16 to 54 percent. Our 
study documented a 38 percent incidence rate of reop- 
eration among children who were less than age 3 years 
at initial repair of coarctation. In contrast, the incidence 
rate of reoperation was only 1.5 percent for patients 3 
years or older at initial repair (Table II). 
Causes of residual coarctation: The factors re- 
sponsible for an unsuccessful initial repair of coarctation 
are not entirely clear. A residual coarctation was un- 
doubtedly present in the six patients who had a signif- 
icant pressure gradient measured in the immediate 
postoperative period. Inadequate surgical repair ap- 
pears to be the cause of such residual coarctation. Tu- 
bular hypoplasia of the aortic arch did not play a sig- 
nificant role because, by the time of reoperation, the 
arch had grown to normal dimension in each patient 
who had arch hypoplasia in infancy. 
Causes of recurrent coarctation: The remaining 
patients may be described as having recurrent coarc- 
tation. Their recurrent gradient was first detected an 
average of 2.8 years after initial repair. Possible mech- 
anisms involved in the pathogenesis of recurrent 
coarctation include (1) inadequate growth of the anas- 
tomosis, possibly related to the use of continuous su- 
tures14; (2) active fibrosis and narrowing of the anas- 
tomosis site; (3) thrombosis of the suture line; and (4) 
retention of abnormal, possibly ductal, tissue with the 
potential for proliferation and luminal narrowing.13 
Moss et al.18 demonstrated angiographically that by age 
3 years the descending aorta has grown to 55 percent of 
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TABLE IV 
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Values are those recorded at rest and immediately after peak exercise. 
its adult diameter. Because previous work by Clatwor- reoperation can be a safe and effective procedure for the 
thy et al.19 had shown that significant obstruction occurs patient whose initial repair proves unsuccessful. In this 
only when the aortic diameter is reduced by 56 percent series operative morbidity was minimal and there was 
or more, it was concluded that the risk of recurrent only one operative death (4.8 percent mortality rate). 
coarctation is small with repair after the age ti 3 years Follow-up data indicate that reoperation has signifi- 
even if no further growth at the repair site were to cantly relieved symptoms, upper limb hypertension and 
occur. coarctation pressure gradient at rest. 
Our data are consistent with the hypothesis that 
recurrent coarctation results from inadequate anas- 
tomotic growth because the incidence of reoperation is 
significantly increased for patients younger than age 3 
years at initial operation. Were active narrowing a major 
factor in recurrent coarctation one would expect a 
higher recurrence rate in patients aged 3 years or older 
at initial repair. Narrowing of the anastomosis may have 
occurred in some patients, specifically those with a 
marked or rapidly developing stenosis at the site of 
initial repair. Dense fibrous adhesions in the area of the 
coarctation were observed at reoperation in most pa- 
tients and in some may have played a role in narrowing 
or limiting the growth of the anastomosis. Inhibition of 
anastomotic growth by continuous sutures did not occur 
because in the large majority interrupted suture tech- 
nique was used at initial repair. Recent studies20-22 in- 
dicated that the use of subclavian flap angioplasty may 
decrease the incidence of recurrent coarctation by 
permitting ongoing growth at the repair site. During the 
past 4 years we have abandoned end to end anastomosis 
in favor of this technique for repair of coarctation in 
infancy. 
In the only other long-term follow-up study of pa- 
tients undergoing reoperation for coarctation, Castan- 
eda and Norwoodr5 reported a 30 percent incidence rate 
of a residual pressure gradient at rest of 40 mm Hg or 
more. These results were attributed to the use of end to 
end anastomosis, a technique they subsequently 
abandoned. There was no discussion of symptoms or 
upper limb hypertension after reoperation. In our study 
we observed a 35 percent incidence rate of pressure 
gradient at rest after reoperation but, in contrast, all 
gradients were 20 mm Hg (mean 4.6 f 1.5 mm Hg) or 
less. The majority appear to represent true residual 
coarctations because they were recognized in the im- 
mediate postoperative period, and none has progressed 
with time. 
Safety and results of reoperation: Our study con- 
trasts with the few previous reports on reoperation for 
coarctation that cite operative mortality rates of 7.3,i5 
1!P4 and as high as 33 percent.16 Uncontrollable hem- 
orrhage from a friable aorta, often surrounded by dense 
adhesions, is the most frequently mentioned cause of 
intraoperative death. Concern over the apparent high 
frequency of serious complications encountered during 
reoperation prompted Weldon and Edie24 and their 
co-workers to recommend graft insertion as the surgical 
technique of choice. However, our data indicate that 
Role of exercise testing: Several studies have doc- 
umented an increase in coarctation pressure gradient 
with dynamic exercise after initial repair.2b27 Our data 
(Table IV) indicate that this is also true after reopera- 
tion. The coarctation gradient increased with exercise 
in all five patients tested, a marked increase occurring 
in three. One patient with no pressure gradient at rest 
had a severe (134 mm Hg) gradient with exercise. Sig- 
nificant upper limb hypertension developed in four 
patients during exercise and increased to dangerous 
levels2s in two patients. These results clearly indicate 
the importance of exercise testing in the evaluation of 
patients after reoperation for coarctation. Although 
gratifying normalization of blood pressure and coarc- 
tation gradient is observed at rest, this finding may not 
occur during strenuous exercise. 
Surgical implications: On the basis of this experi- 
ence we believe that reoperation is indicated for patients 
with residual or recurrent coarctation who are hyper- 
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tensive or symptomatic and whose coarctation pressure tensive. The only operative death occurred in a patient 
gradient at rest is 30 mm Hg or more. Patch aortoplasty who underwent graft interposition. Finally, of the two 
appears to be the most satisfactory technique for re- patients who had a left subclavian to descending aorta 
operation. It can be performed safely, because dissection bypass graft one has exhibited severe upper limb hy- 
around the aorta is minimized, and follow-up data in- pertension and an impressive coarctation gradient 
dicate that significant clinical and hemodynamic benefit during exercise. Although the numbers are small these 
has been achieved. Similarly, end to end anastomosis data suggest that, despite previous recommenda- 
was performed successfully in three patients. However, tions,23,24 patch aortoplasty rather than graft insertion 
two of three survivors of graft interposition have a re- may be the surgical technique of choice for reopera- 
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